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Determining  Electrical  Itopartiee  of  Qraphite  at 
High  TemperaturasM 

L.  F.  Mal'tseva  and  R.  R.  Uarmer 

(All  Union  Sclentiflo-Hoseareh  Institute  of  Electrothermal  Equiiment) 

Graphite  ia  being  widely  used  in  electric  furnace  construction  in  the  role  at 
a  material  for  the  manufacture  of  heaters*  Determination  of  temperature  dependence 
of  the  specific  electrical  resistance  of  (Taphite  acquires  greater  Isportance  for 
structural  organizations  *  as  well  as  for  enterprise8,uslng  electric  furnaces  with 
graphite  heaters* 

Ihe  data  about  the  temperature  dependence  of  specific  electrical  resistance 
of  graphite*  are  very  scant*  And  so*  the  Moscow  Q.ectrode  Plant  in  prospects  of  its 
production  speaks  only  abcut  electrical  resistance  of  graphite  at  rocm  temperature 
whereby  this  value  varies  in  broad  intervals*  For  example*  for  graphite  type  *B*  it 
constitutes  14*20  <toa*nn?Ai* 

The  purpose  of  this  investigation  •  to  determine  the  values  of  specific  elee« 
trlcal  resistance  In  dependence  upon  temperature  (20>2500^)  for  industrial  graphites* 
manufactured  by  the  Moscow  Electrode  Plant* 

Testing  installation*  Dstermlnation  of  temperature  dependence  of  specific 
electric  resistance  of  graphite  was  done  on  an  Installation! consisting  of  an  elec, 
trie  furnace  *  vacuum  system  and  electric  part*  A  cross  section  of  the  working  chamber 
is  shown  in  fig*l* 

Ihe  lontallation  consists  of  a  water-colled  body  1,  upper  2  and  lower  25  lids*  also 
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Dstaminlng  Electrical  I^opertiea  of  Qraphita  at 
High  Teoperaturas^ 

L.  F.  Mal'tseva  and  E.  N.  Manser 

(All  Eaioa  SeientifiO'-Hosaareh  Institute  of  Electrothermal  Equipment) 

Graphite  is  being  widely  used  in  electric  furnace  construction  in  the  role  of 
a  material  for  the  manufacture  of  heaters*  Determination  of  temperattire  dependence 
of  the  specific  electrical  resistance  of  (Tapbite  acquires  greater  iiiq>ortanee  for 
structural  organizations  *  as  well  as  for  enterprises,uslng  electric  furnaces  with 
graphite  heaters* 

Ihe  data  about  the  temperature  dependence  of  specific  electrical  resistaneo 
of  graphite*  are  very  scant*  And  so*  the  Moscow  Electrode  Plant  in  prospects  of  its 
production  speaks  only  about  electrical  resistance  of  graphite  at  rocia  temperature 
whereby  this  value  varies  in  broad  intervals*  For  example*  for  graphite  type  *B*  it 
constitutes  li|«20  nbroi.iaa^/n* 

The  purpose  of  this  investigation  •  to  determine  the  vulues  of  specific  elee« 
trical  resistance  in  dependence  upon  temperature  (20-2500®)  for  industrial  graphites* 
manufactured  by  the  Moscow  Electrode  Plant* 

Testing  installation*  Determination  of  temperature  dependence  of  specifie 
electric  resistance  of  graphite  was  done  on  an  installation, consisting  of  an  elec, 
trie  furnace  *  vacuum  system  and  electric  part*  A  cross  rection  of  the  working  chamber 
is  shown  in  fig*l* 

Ihe  installation  consists  of  a  water-colled  body  1,  upper  2  and  lower  25  lids*  also 
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baTlag  water  ooolingj|ln  the  central  part  of  upper  lid  la  situated  a  peeping  viiklow  5* 
through  which  It  la  poaaible  to  obaenre  the  sample  6  and  to  measure  Its  temperattire 
with  a  pgrronatar*  To  protect  the  glass  against  orerheatlng  are  set  up  screens  4* 
which  are  showed  aside  at  the  time  of  smasurlng* 

In  the  lower  furnace  lids  are  placed  bobbins  (lugs)  21^23  for  the  insertion  of 
thermocouple  26  and  potential  tips  22,  with  which  Is  measure.'  the  voltage  drop  on 
the  sample*  To  supply  current  to  the  sample  two  copper  water-cooled  current  conductors 
are  used  14*  situated  on  one  axis  one  facing  the  other*  A  vacuum  of  the  magnitocle 
of  10**^  •  10**^  sm  Kg  is  produced  in  the  furnace  by  the  forevaeuura  pump  RVN-20  and 
diffusion  pump  TSVL^10oJ|eoupled  with  the  Installation  by  fastening  device  IX1-85U* 
Bressure  in  the  ayst«n  was  measured  with  the  aid  of  thermocouple  tubes  LT-2 
type  and  ionization  tubes  type  UW2*  A  VI1V1  type  instrument  served  as  vaouuaoeter* 
Graphl  e  samples  were  placed  and  secured  in  the  vacuum  chamber  with  upper  lid 
removed  by  a  special  contrivance*  In  fig.l^s  evident*  how  sample  6  200  ma  long  and 
10  nm  in  diameter  is  secured* 

With  the  aid  of  strip  9  and  bolts  8*  made  of  graphite*  the  samples  are  attached 

e 

to  a  massive  graphite  plate  10*  To  this  plate  is  also  attached  a  copper  plate  llijto 
which  in  turn  is  attached  a  strip  of  copper  foil  17*  connected  with  the  current  con¬ 
ductor*  (braphlte  plates  10  were  supported  by  stands  19  made  of  graphite,  insulated 
from  the  body  of  the  furnace  by  a  ceramic  plata  20*  In  order  that  the  copper  plates 
and  the  foil  should  not  melt  from  direct  irradiation  (bcnbardment)  of  the  sample  * 
they  were  screened  with  molybdenum  sheet  3  with  a  thickness  of  0*2  nn* 

In  the  zone  of  uniform  temperature  of  the  sample  (it  was  determined  by  special 
erporimants)  were  fastened  potential  clamps  7  for  measuring  voltage  drop*  The  clamps 

represented  shaped  graphite  strips*  which  with  the  aid  of  bolts  and  nuts  made  of 

Asa  ■ 


graphite  wera  presse< 


the  sample  and  to  it  were  connected  the  po^^ential 


made  of  tungsten  wire  22* 
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FlS«l*Ia3tallation  for  doterminixig  eloetrie  rasistanoa  of  graphlta  at  hig)i 

temjarattga. _ _ 

L*BOUf  OF  FUHIUCSt  LlOt  3M-iolybdei]um  shield)  ti^shi^lAa  for  protecting  the 

glass)  window)  6>sampla)  7**  potential  elaops  (termlnala))  S^craphite 

bolt)  9-strip)  lO^graphite  plate)  11-copper  plate)  12>«upper  graphite  shield) 
13-ralea3eable  boltS)  14-current  conductors)  13-graphite  shield)  l6-3teel  ring) 
17-copper  foil)  iS-steel  bolt;  19-graphite  stands)  20-ceramic  plate)  21-lug  for 
introduction  of  potential  ends)  22-pot3ntial  eisd)  23-lug  for  introducing  thermo^, 
couplo)  24-lowor  graphite  shield)  25-lower  lid)  26-thermoeQuple» 

To  reduce  body  and  lid  boating  and  to  improre  the  conditions  of  measurin  tem« 
perature  in  the  interior  of  the  Taeoum  chamber  were  mo  nted  graphite  shields.  The 
electric  resistance  of  graphite  samples  was  measured  bgr  the  aianeter-voltaetar  method. 

As  is  evident  from  fig.2«  through  the  tested  sample  4  vas  passed  an  electric  cur« 
rent,  which  was  measured  with  the  aid  of  UTV4  transformer  and  A^  anmeter.  The  volt¬ 
age  drop  on  the  sample  4  measured  with  the  aid  of  voltmeter.  To  rsgulate  the 

voltage  on  the  high  side  of  the  power  transformer  3  was  used  a  single  phase  auto- 
transformer  2  type  A0CI£-25/0.3»enabliag  a  smooth  change  in  voltage  in  the  range  of 
frcQ  0-20  T.  The  power  stop  down  transformer  3  iyoa  OCY  40/0»5  offered  the  possibility 
of  obtaining  on  the  low  side  a  vol-tsga  from  0  to  20  w  at  an  amperage  of  I4OO  amp. 
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GRAPHIC  NOT  REPRODUCIBLE 


■-A'AV.'  •' — .  M  • 
rWVW- '  -y//. 


The  relative  error  of  the  experiment  ,dutor« 
ininable  by  the  type  of  selected  sehemst  elass 
of  accuracy  of  moasurlnj;  instruments  ,  elass 
of  accuracy  of  current  transformers,  has 
not  exceeded  Qatermination  of  the  depen- 
donee  of  specific  electric  resistance  of 
samples  upon  tei^perature  ,  was  done  In  a 
range  of  from  20m2500*» 

To  measure  a  temperature  up  to  1000^  was 
used  a  chromel-alumel  thermocouple*  Frcm 
1000  to  2500*’  the  temperature  was  measured 
with  an  optical  nicropyronietar  of  0IU>019 


Fig*2*£lectrie  circuit  diagram  of  install 

lation  (dasignatlona  see  text)  type  with  separate  indicating  instrument 

-  millianineter  (elass  of  accuracy  of  0*2^)*  The  relative  error  of  measuring  tempera* 
turn  by  this  instrument  with  cottsideratlon  of  the  accuracy  class  of  the  mllliaimstor, 
absorption  of  parts  of  the  rays  by  the  peephole  glass  and  correction  for  true  tempers, 
atura  has  not  exeeded  2%, 

The  scale  of  dependence  graphs  of  electric  resistance  of  graphite  upon  the 
temperature  was  calculated  according  to  the  report|2^  on  the  basis  of  analyzing 
experimentation  errors* 

Determining  electric  resistance*  To  conduct  tests  for  the  purpose  of  determining 
the  dependence  of  specific  electric  resistance  upon  temperature  were  selected  the 
most  widely  known  types  of  graphite*  taanufactured  by  the  Moscow  Electrode  Plant 
types  A*  B*  C*  and  0* 

Samples  of  type  A  graphite  were  cut  out  from  billets  in  parallel  and  pevpen* 
dicular  directions  relative  to  the  axis  of  pressing.  To  remove  the  gas  the  sample 
was  first  heated  to  a  temperature  of  1800*2000^* 
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Tha  tlna  of  exposura*  neceaaar/  to  a<iuata  ttaa  tamperaturo  oa  tha  working  port 
of  tha  sampla  t  usually  did  not  exoead  10  min*  The  temperature  was  zoeasureJ  throu^^ 
100»150*»  At  each  temperature  value  were  measured  several  values  of  voltage  and  am" 
peraga*  whereby  one  of  these  was  measured  at  tha  aod  of  the  eigzosura  period* 

Spaeifie  elaetrie  raaistanea  was  ealeulnted  by  formula  i 

3 

^  o  ^  “  R  •  la 

U_  _S_  y  iP  ' 

where  R  a  I*  and  1  >  41  *  value*  constant  for  each  samplo*deteralned  at  the  be. 


^jaalng 


of  the  experiment  by  the  geometrical  dimensions  of  the  sample  and  tbs  distance 


between  tha  terminals* 

The  sequence  of  making  the  testa  *  exposure  time  and  temperature  ranges,  in 
which  the  maasuremants  were  dona*  for  samples  of  all  types  were  selected  approximately 
indentical,  Ry  tha  teat  results  ''or  aacb  type  of  graphite  were  plotted  dependence 
curves  of  specific  electric  resistance  upon  tha  mean  temperature  of  the  sample* 


fSr 


T.oc 


Fig.3*0spendence  of  specific  electric  resistance  of  type  A*B*V  0:aphite  upon 
the  temperature  in  vacuo  lO**^  •  10~^  mm  Hgi  *■  •  type  A  graphite  with  parallel  arran^d. 

ment  of  eprains  relative  to  the  axis  of  deformation  (mean  value  from  9  samples)  |  ' 

'O  •  type  A  graphite  with  perpendicular  arrangement  of  grains  relative  to  the  axis  of 
deformation  (mean  value  from  6  samples)}  o>  B  type  graphite  (mean  value  frcm  13  samp— 
les)}  A  •  Type  C  graphite  (mean  rulue  frcm  8  samples)* 

Kiean  temperature  was  calculated  by  foormnla  i 


where  tp-  surface  temperature  of  the  sample  in  **C,  t^,  -  temperature  of  the  center 
.  0*12*  Wgp^q*  r 


in  ”C,  and  t^,  ■  tp 


,  where  “  spsolfic  load  per  sample  in  watts 
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por  Bq^iar*  centifflatar*  r  >  radius  of  sonpla  in  eB«  ^  <•  eoaffieiant  of  beat  conduetioii 
of  grapMta  at  eorraaponding  tonparaiuxa  (since  for  the  type  A  graphite  the  eoeffi> 


dent  of  heat  conduction  at  a  toaperature 


f‘ig.4*0speDdenee  of  specific  electric 
resistaace  of  A  type  graphite  with  para|. 
lei  arrangement  of  grains  relatiTe  to 
the  axis  of  deformation  upon  temperature 
in  vacua  10“3  .  10“h  nn  Hg| 

1-mean  value  fron  9  samples j  2-inaxicuin 
values;  vulues* 


of  2500*  eq^als  0*084  oal/cnudegraes*aee  [1] 


Flg*5*  Dependence  of  specific  electric 
resistance  of  type  A  graphite  with  perpen¬ 
dicular  arrangement  of  grains  relative  to 
the  axis  of  deformation  upon  the  temperature 
in  vacuo  10*3  «  j,o“^  mm  Hg| 

1-m^an  values  from  6  samples |  2-maximum 
values;  3-ialnljiiim  values; 


In  flg*3  are  shown  temperature  dependence  curves  of  electric  resistance  for  A*B 
and  C  type  graphites  from  20  to  2500%As  is  evident  from  graph  fig*3»  with  a  rise  in 
temperature  the  electric  resistance  of  graphite  of  all  types  decreases  at  first  by 
approxiomtely  30%,  reaching  its  minimum  value  for  A  and  B  type  graphites  at  a  temper, 
ature  of  400  -  600*  and  for  C  type  at  a  temperature  of  8OO-9OO*,  and  above  a  tempor- 


Fig.6*Dependence  of  specific  electric  Fig,7*  Dependence  of  specific  electric  re- 
resistance  of  B  type  graphite  upon  tern  sistance  of  3  type  ^aphite  upon  temperature 
perature  in  vacuo  10  ^  -  10"^  mm  H^*  in  vacuo  10*3  -  10  "  nm  Hg; 

1-mean  value  from  I3  samples;  2-maxlmum  1-mean  value  from  8  samples;  2-m3xiiauB  values 
value;  3**^^'^^^^^^  values*  ;  values* 

Consequently  in  the  range  of  temperatures  of  IOOO-250O*  when  calculating  specific 

electric  resistance  it  is  possible  to  use  formula  1 
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?t  "  5^1000 

>  spaeifie  electric  raaiatanoa  at  a  tamparatura  of  lOOO*, 

In  fig»4  are  given  temperature  dapendenoa  curves  of  specific  electric  resistanea 
of  A  type  graphite  (mean  volumetric  weight  of  samples  1»73  g/eo^t  porosity  21,7^)  for 
samplest  cut  out  in  direction,|pardllel  to  the  axis  of  pressing. 

It  is  evident  from  this  graph*  that  in  the  temperature  range  of  1000  -  2500^  the 
speeifio  electric  resistance  rises,  changing  its  ralue  f*’o®(j2.p00  “  ^*3  ohms  ,  wa?/i^ 
to  P  ocrtA  “  9*35  ohms,iiBB?/m,  i,e*  it  rises  approximately  by  deviation  of  specific 
electric  resistance  values  from  the  mean  value  In  the  investigated  range  of  tempera-^ 
turea.  constitutes  t 

P.lfK"V"  flg*5  io  shown  the  temperature  dependence 


1 


of  specific  electric  reslctance  of  A  type 
graphite  for  species,|cut  out  in  direction 


•iw  tua  T‘c 

Fig,ti,iJependenoe  of  specific  electrio 
resistance  of  0  type  ^aphita  upon  t  m-  perpendicular  to  the  axis  of  pressing  (mean 
perature  in  vacuo  10*’  -  10"^  mm  Hg, 

l-mean  values  from  2  samples)  2»maxiQum  volumetric  weight  of  species  1,78  g/ciii3, 
values)  3»minliiuffl  values, 

porosity  19, 4^},  It  is  evident  frcm  the  graph 
that  specific  electrlg  resistance  upon  temperature  of  1000®  to  25OO®  rises  approxi^ 
D«tely  by  liOX,  Peviation  of  absolute  values  of  specific  electric  resistance  upon  m^^an 
value  -  15^« 

For  B  typje  graphite  (porosity  24JJ,  mean  volumetric  weight  of  samples  l,t7  g/cm?) 
specific  electric  rosistaf’oe  from  temperature  of  from  1000*  to  25OO®  rises  by 
approxisetely  40^  (flg,6),  Deviation  of  absolute  valuesfrom  mean  values  i  13X» 

In  fig,7  is  given  the  dependence  of  specific  olectruc  resistance  of  C  type 
graphite  upon  temperature  (meon  volumetric  weight  of  samples  1,46  g/em3,  porosity  33»6/!), 
Ihe  specific  electric  resistance  rises  with  temperature,  it  changes  Its  mean  Vdlua 
from  qj^ooo  “  ohma.nmVn  to  02300  “  ohms.mm^/m,  i.e.lt  rises  by  approocimatel^ 

35%,  Deviation  of  values  frcm  mean  value  -  20%, 

In  fig»8  is  shown  the  temperature  dependence  of  specific  electric  resistance 
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of  D  typ®  graphite  (mean  volutt£tr1.c  weight  of  sanplea  1,43  e/cn3,  35»5^)»  'This  type 
of  graphite  has  a  slight  mechanical  strength,  and  that  is  why  the  temperature  depen 
denoe  of  specific  electric  resistance  is  presented  at  17C0*.  Deviation  of  values  frem 
mean  value  7%* 

Conclusions 

!•  The  greater  disagreement  in  values  of  specific  electric  resistance  in  dependence 
upon  temperature  can  be  explained  by  the  unstable  technolo  y  of  preparing  the  graphite 
and  considerable  heterogeneity  of  its  structure* 

2*  Klectro  resistance  of  graphite  of  ell  types  upon  a  rise  in  temperature  fdom 
20^  drops  at  first  hy  approximstely  30^,  reaching  a  minimum  for  types  A,  B  and  D  in 
the  temperature  range  of  for  type  C  -  600»900^.Above  1000^  electric  resistance 

rises  linearly* 

In  the  range  of  temperatures  of  1000-2300^  when  calculating  specific  electric  re., 
sistanoe  it  is  possible  to  apply  fornula 

°  t  “  ?  1000  ♦  y  •  1000) 

For  objects  cut  out  in  direction,  parallel  to  axis  of  pressing,  this  forixila  has 
the  form  of  i 

a)  for  A  type  graphite i  =  (6*4  t  0*9)  ♦  0*002  (W000)| 

b)  for  B  type  graphite i  »  (5,2  ±  1*4)  ♦  0,002  (t»1000)| 

c)  for  C  type  graphites  =  (12,9  f  2*6)  0*0024  (t-1000){ 

d)  for  D  type  graphite  In  temperature  range  1000»1700^ 

qt  ■  (7.6  i  0,7)  ♦  0,0009  (t  -  1000). 

Absolute  values  of  specific  electric  resistance  for  objects  cut  out  in  perpend! 
cular  direction  to  the  pressing  axis,  is  approximetely  by  20X  hi^iar* 

3*  Values  of  specific  electric  resistance  of  all  types  of  graphite  at  a  temperature 
of  20  and  1300^  are  approximately  identical* 
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